We monitored the zooplankton community dynamics of a regulated river system (the Nakdong River) in South Korea, in an effort to characterize the relationship between basin rainfall quantity and changes in zooplankton community structure. The river studied herein has four multipurpose dams upstream and one estuarine barrage at the river mouth, resulting in intensive flow regulation. We hypothesized that flow regulation would effect zooplankton community structure changes not only within the summer period of concentrated rainfall, but also during the subsequent seasons. Field monitoring was conducted on a weekly basis (1999 to 2009) at the study site (27 km upstream from the estuary dam). The studied years were divided into two groups: rainy years with annual rainfall greater than total average annual rainfall, and dry years (years with lower than average annual rainfall). The zooplankton community data was also divided into two groups according to year and community structural characteristics. The summer density of zooplankton was low during the summer concentrated rainfall period. In the autumn, zooplankton density was statistically related to river flow (r 2 = 0.30, P < 0.05, N = 11), which was affected by the summer concentrated rainfall (r 2 = 0.31, P < 0.05, N = 11). Furthermore, autumn zooplankton density was positively related to that observed in the summer (r 2 = 0.53, P < 0.05, N = 11). Therefore, it can be concluded that summer concentrated rainfall can affect the following seasons' zooplankton densities caused by dam flow control, and the potential growth rate of zooplankton
INTRODUCTION
Flow is a primary factor that determines the dynamics of river ecosystems (Descy 1987 , O'Farrell 1993 , Ha et al. 1998 , Ha et al. 2002 , Shcherbak and Bondarenko 2005 , and this is the case in both mountainous areas (Iroume et al. 2010 ) and lowland rivers (Jeong et al. 2007 ). Rivers or streams have different habitat structures resulting in different community structures between up-and downstream reaches; this is known as the river continuum concept of Vannote et al. (1980) . Currently, it is somewhat difficult to find natural lotic systems, because of the increased importance of water resource management in relation to climate change; therefore, flow regulation is a common characteristic of river systems, at least in Far Eastern Asia, which includes Korea, Japan, and China and the greatest growth of zooplankton in this river is usually observed in the spring (March to May) or autumn (late September to November) (Kim and Joo 2000 , Kim et al. 2000 , 2001 , 2002 , 2003 . Those studies have hypothesized that the zooplankton community in a regulated river system would be affected profoundly by water flow regulation; however, this hypothesis referred to overall patterning, and was focused primarily on spring zooplankton growth, during which time the river was typically stable due to limited rainfall and the resultant low flow. Comparatively, the autumn zooplankton community has been insufficiently understood in regard to changes in river flow caused by concentrated summer rainfall. Therefore, in this study, the zooplankton community structure data obtained from the Nakdong River LTER database was employed to evaluate the influences of summer rainfall on autumn zooplankton dynamics. (Tharme 2003) .
MATERIALS AND METHODS
The influence of flow regulation on community structure in lotic systems has been reported on extensively in the past few decades (Jeong et al. 2007 ). The accumulation of nutrients in the reach of flow regulation has resulted in the acceleration of eutrophication (Joo et al. 1997) , which also generated increases in phytoplankton density and dominance by harmful algal species such as cyanobacteria (Ha et al. 2002 , Teichberg et al. 2010 . Reservoir-like patterns in the microbial food chain have also been frequently observed in regulated river systems (Kim and Joo 2000) .
In eastern Asia, rainfall typically evidences a clear seasonality induced by monsoonal climate or typhoon events. This meteorological characteristic is responsible for the water flow changes in lotic systems, which have a 'resetting' function on ecological community structures (Park et al. 2002) . Summer concentrated rainfall frequently introduces dynamic changes not only of physico-chemical factors (Joo and Francko 1995) but also of bacterial and plankton communities (Ha et al. 2002) . Functional changes in ecological communities have also been reported in relation to summer rainfall (Allan and Castillo 2007). The heterogeneity of seasonal rainfall distribution in this region introduces some difficulty in managing water resources, such that lotic systems in Far Eastern Asia have experienced intensive alterations of stream structures, principally as the result of the installation of locks and dams. The aforementioned ecological characterisics of regulated rivers can be readily observed in this region.
Zooplankton constitutes a route for energy and material flow between producers and other consumers in river systems. They graze on phytoplankton, resulting in a reduction of algal biomass (Lampert et al. 1986 , Kim 2001 ; moreover, they become food sources for young fish (Chang et al. 2004) . Sometimes water quality improvements can be observed in regulated river systems, due to extensive grazing activity on phytoplankton biomass by zooplankton (Power 2001). Intensive flow regulation increases water residence time, which is a primary factor in determining zooplankton community structure and functions in river systems (Havel et al. 2009 ), and strong grazing activity has been previously reported in regulated river systems (Kim and Joo 2000) .
The Nakdong River is a good example of a regulated river system in the Eastern Asian region, and is also part of a Long-Term Ecological Research (LTER) program that is currently underway. In the past decade, research has identified the role of zooplankton in this river system, Fig. 1 . Map showing the Nakdong river, and study site (Mulgum, 27 km upstream from the estuary dam).
